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T U y j; 0 # £ e>ti ft Hf&r- * *T W« 
SHtr *fc*>*0/< >y 1* fc £ u 

laasfc-s-i ft s^frt^-o r iaae*w=3te*Bg9t 
^m^~ N- -ciKiRs tit:; t -y •f-sDaiaESMse^s 

iSSMJMSk . 

fs-^-sr awrrft sestet „ 

^&ft ; t zmmt-f&m&m i les^aer y y ^ . 

«3SKfe*t-9-fti§.K^ifcaAD 1 „ AD 2^\ AD 1< 

immn 5 1 g-wmmr'- ? 1 
tif^Ji 6 ] #iiif- * tc*tje?#-ftas 1 fg^-tocf 
cars* 7 j usEsas^Kii, m&^mzx o&fcs 



mmx\ mm&mbJv^m^mh-tmim^^T 

j-tvtt m jr-t * Jt #><?>m%s&m b > vi>* m £ a*rrss 
2 £ , uf5tw v^^km js-r ft as 2 
*rftia#«t*at, 

u 

^>f-k R-<o«KOiS«*tU*-rftlBseojg 1 ^ffiSfc 
*f jSS-f ft / t/^«ifc&t . m 2 c^HSfc^iE-^ ft ; tA-^L* 

[it*iss] trism2oaKfcMr£-f-ft/t^x^ 

#^ Krl^^¥&*^ai^jS^.ft^i^(;^jS^-ft J '~! 
[0001 ] 

[fKftOM-tftBEHIfiJ-lf] ^^a. 

S6f^fefr£»Bt*-ft3Er U >?kzmth . 
[0002] 

eot. ^vvxm^m-ri>^mm&m^mLx\^. 

%^TlX\i?z<, 

[0003] ZttiZjttL. *EH^fff!S5 3 7 1 5 2 40J 

^fHtSE3raftK<!OWar*S3HLTV^ft. 
[0004] 

•/ N tTfit"-y b ^/^7^XllSk^m=ffi i 5^itft^f^tT■• 

ti. •*»ietf!)**3Eaw-ft^'f ^jt^5f5a#«$ 
ti ft 3&* , mmmmiz ^ o ta ^Bft assess-t * t v ^ 

[000 5] £il^cr>l!IBt^lAT!S:$jut: 

?6 izwmti*$m lx i>%m Ltzmmcomnx-n h 
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[0006] 

[00073 Sfc, *«We93e7*U^^t±. iiWJP^ 

^>v^%ikttm2mn$:m^r&m^mi^%L, at 

[0 0 0 8] S*>t. *8tffl0ffiTV>9\$^ rt-y-^fc 

[ooo9] ^Jlofryy^ij, ^y^^H 

SAD K AD2jEp\ ADKAD2tV^i«t"J)l' 

JO 0 1 01 3 a^SBH^ru^^ti, «fHi* 
•r — ^ fc^tJE-T^ SI 1 fI-5f-0'£«4-& <tilo(i, ® 

[ooii] s&t, i&fffipmrv*?^ %mmm 

^r—3> izftj&t&Wi 1 m^-co^co^ < k 1 -ofi , Jg 

2 ft-*!- 1 [si t> v\sxmTm%3£m<?>fr&m\, ^ t £#® 
[0012] £fz, ^ffitMcofty'jyfit. fflm^M^ 



mm-&tz&<nmM&fcbJvvxm&m*>-?m2m5ir 
mfewvuxwmtzttm^&m2<7>m&z'm^?& 
ts*m&&&t. . mmmmm^=t~ vxim 1 imz , 

z-tffl. kz^L, Jiv^-km-wmmcvmiSiiftjj-f 

[ o o 1 3 3 s £>t. ttmpx/tyv mzm2 
^tthmimmizMm-th^ux^m^msmmbm— 

T$>&Z\b£m£bi-& 0 
[00 143 

i-mm] mi e ca> w if3K£*5'wxiK£iii 

LA: & COT. a— h i^^YUSVkXlfB/^ 1 
/81I, 2/8®^.. ■ ■ ■ . 8/8 ( 1 ) B»tfS« 

Srm-Ti: * «^^^ifl^'8/8f^^2 5%b^5 
m&itX'b, WZ.mij t 7/8Tm£&3 2%. 6/8 
t"4 8%, $>& V Hi 5 /8 T*8 2 % fc V> d IMtiH 

[0 0 1 53 HI 6 (b) {±01 6(a) nWO^^y 
tzifr^ J VP^m5 / 8 CD eb 8/8«hS0«^-ov> 

C*UfcfcOT'&5«, ago, 8&aj*T'#^^xfM 
5/ 8 1 as 8 2 %«ffi^-ttT-{5: s i£%S' i 4&ft{£lft> ^> 

i«fiB»fflK^Er*-5 1 a^iiis^AD e = o . o 3mt 

Xg8/8^5iS2 5%c0ffi^Ti±, ffi^ffi^^ 
fe&M^mkLfz b § OS^fttiAD h = 0 . 3b%; 

tOK K) mz J: o T«t«3E»*3&g5{ fc-T § . 
[0016] *^HB(i;<©RffliSrf8ffl L s y° 'J /^i&# 

-^■li^ffi^-y: (0!f^.ifl5ai^^X(pl8/8i:^S2 5 

t fz . ^mmmm^z x 9 wf^^cr,##^ K?e-rs ; 

(^}i'ilSrtiJw?;l'X?i5/8fc5lJS8 2%6affl-^ 

Mtb&Zk&T%&„ 
[00 17] 

200 (a2tcie«) (cdft6*t4. Hisffl^tif 
m-myu^^u 1 o owRMEt ^<mmm^M<r>m^ 

mit&c ^0-7 1 0.2ttiaS36flcl 0 1 
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&msL {®mi~ 7oov) tz^n-tz, . mm^®: i o 

3Ci-?t««$^6 0 0dpi (dot per 
inch) com^mcOU— f — fc"— Mtffi K> M L 3 7— 
10 4 izji r)Bftik l o i ±fc«^h,SMjgm2pflM£ 

M — ii, ETFE (xf 1/yf h7 7;l/Jfoxf- 

fut 10 6±t, 1 5 107fcl 

^Sfflm 1 0 8 4; J; >9 h^-bitSttW^ T^,ifi 

^-*fflae*^ y-7— i o 9T0jRSfi.. iffitvcaae 

#ttfflliB*5 1 1 0 J: "9 U -fe . y h §fL & . HOIS 

T>-mm$s 105C, 7*5 -y ?3Mfcgi 05K fcovit 

•^-^fafe^^^-wa^^sfis. cores. 

2iK%^n— 9 116, feiiA^rg^spflsi? y i i 
1 1 3li3MK#-fc vMl 2j&»M&*£3Nai 1 i i,z j: 0 

1 1 5fcia^aiSrrtfC«BW5 r 2»:<E^n-?i i 

~c~\zmmm 1 3 tPisaLT 2^0-91 1 6# 
•waBE^tti 0 6fcsa*i,T— •fTTffisjKe. ff£E-r& 

t fc t> (c 1 1 0 8 frM%tzW£3kWkm-h 

awefsi 2 1 tr^§#t3t«E*s2<Jcig^fflsasi 
1 7iz£ Qs&iMwwztittmx^mzxsmti 1 

mm 1 3t4^*#si 2 0(;i^tgf^fiti^ 

[ 0 0 1 S ] m^X7°o-fe.X0 10 0 te±$ 4ty<7 
f*yfl22#l &i£¥u- 7 J: 9 TSET^eie^* 

Coo i 91 tfc. imffltemrvyfimf&'E-- 



[0020] Wmwm2 0 0<0tfs5f 5®Sto 
H * 5 hT&htllZrr—f iztt LX , iBftftQaft 2 

o o T-ff -3 xm&Totru * ? mxh s . *x f 2 0 1 

iS^^-r— — Kfilf?SB2 0 2T^-T^^-< 7 D 
CO-?— 9iPm&tU ^tjCEtTt'-y N7 7/t^I 

«X-^fiRGB#S f-y hcOWfgi; LT^ * V 2 0 3 

LTH^^IS^ffi^^, fi*W2 0 4X'CMY 
Kfl>7*-^ ^ , #ffifc$tilg|i 2 0 5 5 f 

v hfDx— ^t*fll$*L, ■feflJ0#i.S152 0 6TflMR» 

m&2 o 7 ejss4.ii. x-mm&t fvvxm^^t 
mmzmk^tvx^ i/-t77>(A-208^w„ 
[0021 ] m3{g$mmmm2 o 

v^EJT'&S., ^TO^agU2 0 7{iCPU3 0 1. CP 
U3 0 1 t-T-^cn^KS t ^t**^ROM3 0 2, R 

8&&£>mf$>$tiz^&. cpu3oi{caMj^#M 

2 0 6-Ci8ffiS*l7t#fe«Bfl|-r-^, il^Bf^FM^ 
^JI^J^ril^^Tii, CPU30 l'Wti^tltW 

to o 2 2] 04^— ¥Y?4 j*2 o&conm&tm- 

/a-y^BtSS. ^^7^^2 08(^4^*^ 
-If 4 0 l<05ftBE*IW«lf — if^°y-3^b 

n— ;HHS&4 0 2 , ^fMWfcU— »F 4 0 1 ^ffi*^^^.^ 
-fl. 0 3 „ 1:^ 

4z-r^^* , ^l3^7>4 0 4— 4 1 0a>£«JSS*vCU 
3-FfiH4 0 4(l S£Pi!!MgP2 0 7 J: 9^73 

L, 2o«4b*7 hit-tSrtti^-rS. ffi^ifij 

-^(4^ »/f4 0 5, 4 0 6 fc 1 B3lSm9ftMr$^.£ . 
^"7>'^4 1 0{ilH*Ol/8B^<^jgsg^^^ n 
^^®-^**^>'h , f-J&. *'»'Ng^Jittttg4 0 
7, 4 08ltWjSil, 5-yf-4 0 5fcfi9*S*Ut^^ 
- f 9 A S V ^CiSr*-*. 4: , JtR»4 0 7 j&fffl^j LT 7 

9 7 y -y 7'7 13 >y 7°4 0 9>5 J y -fe y b $tl& „ 

7y 'y7-7n>y7°4 0 9Oai7jy;. ^^^iffflg-^fc 
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iT\ «3£/<f;k*K:J: 9®JjS;§;ft.£ F y #B?IO 
[0 0 2 3] u—*?fV7~ ayhn— ;t-0i&4O 2 S3. 

I— f-V^v— 3>-ho— 0 2 

(i7 y 7 77Q774 0 9 J: OatfrSfiS/W-xi;: J: 0 

(B<?5HJr*^SHS#ifte-^tc«t 0 V— if' 4 0 1 #$Qtt3 

ift.£» 

[ 0 0 2 4 ] , ^SUfe^JTSi^V^XifUl-f-fc^fjEi- 
£ D/ A^3&LTf#£> frit U-'srt-k #B3fflc9H^ii&<7)U 

>- h c? — /kte it LWt i> tfoS-fflv . ^t-xflt;; 

iS^^U:,. f&±$:to^^x£^7— zjxhn- 
-few. **,\ BsisatBe&asB-rsfcii, ii-cia*** 

[0025] H5 i±$mmmi82. o 7-cff;Mi.sMs«o 

•vfT v7°r—7Jls (LUT) Jlj^sp 5 0 1. 

#|g|i5 0 3. v\'-!/^fi#H^gp5 04. -ffll9#X.a55 0 

5i6^it^siiTfcD, zti^u^itUt, 03^-r 

CPU301i:ROM302, RAM3 0 3fyt>%&m 
[0 0 2 6] A-y^T^T— (LUT) jUJRS&S 

OM3 0 2if^t&tt^ixTV^#^^m^#T2. L 
UT5 0 2K. MilWrLUTStaKLt^-^SEStep 
5 0 3 -e#M-T S RAM 3 0 3 tZ^fctZ , x— 
»5 0 3M:. fefl)0#i.SK2O6J; ) 3ffim-f-^£A7J 
LT, RAM3 0 Sfc^SSnfcLUTtCi 9«*9S£ 
i: ; s7UXtfB«if -i§-Je^|-r £ . -y f-fi#?g£^ 5 0 4 
TIIROM3 0 2 ^N'yf mt§SMt^M 

4. flJ0#i*5 0 511 il^M^^-Hivs--^ 

a&jkrt <y<H5^-£sm 5 0 4 j&^eomTJ *) 



5. 

[0027] *S3H»!^-y«S-9«£ffl5 0 4«. r« 

ti s &<x : £Mmim&i?$>&. ate. ito^^y^ 

«H«-r- ^ £ * x J: K, %mmffiT& CPUk i±m<r> 
[0028] ifcfc. v^f^e- K^\W 0 #i. 4^5® 
^®Sr3-Kg|#fKJ2 0 2TWWLT. ^^-K-^ 

jss»9f cry ^^it^wNiDiffimim s« 

KJ:t /v s | 1 : 'HII5?lig3BcOBil^TB»Jia^T'^S i 
[0029] A-. y f4It- tfi l 0 6_h 
tfe 1 ? ^ <! t JSW Ji® ft«Ep*Httf|J 1 15] 

EliTJigJgO. 15. 0. 6. 1. 2fctfJS-?-£;\>-f- 

[0 0 30] 
[*1 I 









0. 15 


8/8 


1 6% 


0. 6 


3/8 


2, 3 % 


1. 2 


8/8 


41% 



[0031] ;*^±jS&YMCKfl3#fefc-3*vC.. ^ 
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ffl3K^fl£l0 6_t(C3Ki£S^. fcrtfU 
f^^ntt, j&8£#©l 1 1 iiiBKf^ifT. ISIS 

;fc}:i»)LEDJ;7tht ^t-^-^/i^^y -^-fe >- 
tl2 2tf&WR4>#l4. 8E*i:-3Jtffl(±A/D3a»» 
3 0 4 TA/DtS§tLt . Wm&Mffl 200OCPU 
3 0 l*\mt>tL%>. 

[0033]^fl 2 2f iS»t £fufc«fc. 
#10 6 H y <f-l± 1 ifc^o- 5107 fcte^Bf i: 

[0034] LUTjSWai5 0 1 T\ K&fUfc^-y 
fitted L UT ^^"Sf^^-r ^ rt;-^, 

[0 0 3 5] 

m2i 





LUT 


Q. 06 


1 


0. 09 


2 


0. 12 


3 


0. 15 


4 


0- 18 


5 


0. 21 


6 


0. 24 


7 



[0036] 
[«3] 



[0037] 
[*4] 





LUT 


0.3 6 


1 


0. 44 


2 


0. 52 


3 


0- 60 


4 


0. 68 


5 


0, 76 


6 


0. 84 


7 






LUT 


0. 86 


1 


0. 94 


2 


1. 02 


3 


1- 20 


4 


1. 28 


5 


L 36 


6 


1. 44 


7 



[0038]*>fc, Hi 2{4LUTaS?«#HMSr^L.Jfe 
i^TfeS. t-f, -(XD- (Y> COAJIy^-wm&M 
^^bm2cr>-(y'f-y^^itmL, fiki£W>-f 
<y?A£-mb& (Sl) . *LT, ^(M^ry^fe: 

^tl^tlt^3^L\JTW^Tkibh (S3) . & 

©iff<?)LUT^Yl(?)LUTt LtMtJ (S 
4 ) o icOS l — S4«Xx'y7°?rS0cO'fe (MCK) 
fcOWC4>M9MU #fe«LUT£ai&-$-$. 
*tS LUTi*JMagytMSSih,ROM3 0 2 <frfc*HfiS 
ftT^S. <r«ii:3tLUTt-fe»jteMS^-«Oti. # 

A. 

[0039] fiLhcoiofcLT. LUT LTj&6Jfri> 
[0040] &fc«3£*fr fc&j&^ftS L U T 5 0 2 IZ 

H7{a*Mfi^<^LUT5 0 2c9fr^£^T;? f '9:7 
IHftJiRfc:** LT , LUTtJ; 0 *fjBr?W G> fiT H 6JS 
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js^r lut km $ tix v ^ a^rfoas* . 

ffitB&tt L UT tzK^SiiT v ■>%^m.-& J £0)MftX°fo 

-«=S"tt*mj£$;JlT 0 , 8/ 8 £ 3 2 %^iffi£-t*-i2ffc£ 
Sfrovjr^. ;«LUTfll m:&SSifti£fts&fl8lt 
JS* 1 ^±#LT^><i:, ftfe^t/^xfl 1/83&S6 2% 
^^x^-b LTArt^«l/80*4»fl&&«ti;S.Ti9> 

# . BiDto . 1 s-ea&aai* ioo %\>zmth t . ac 

<7M&0. 1 84(CWLT{±^N°;UXK2/85SS5 7% 

^tWMcrMi$&jm*<vmmXyn$ii& & 5 tesft^S 

[0041] — ;§\ auc^Lst, ^•yfHf-^&iaf** 

XlKt30lvrt l !lSBC7°D.y h t7t^[a«tiPp 1— P 
p3tS>4. 

[0042] ;»i 3 ytvfttiiftBfla^E^-K 

Tffi^fr&M&i*. -T3r;b*>0- 13 — 1. 46^ 

wm.%m&WigMf$r£~ FX'mjrt&<. lj^u -t-coisf 
■tfrii, r^y^^m t mtmm<^mm^.m.^xnm^x\^ 

£<9B**»Ji^4i^iR*»||!{i. ;*>y?-£(RBrKJ8 
[0043] £fz, @sa. ffi»ttB7 fc 111 fcfc'j&^W' 

[oo44]A-. y ^msm^mmm k> ma t>ti& l 

[0 04 5] gfc. H9(iLUT5 0 2Xin^tlXU 

eo £><?:>«; . ^ -y ^^.mzm^ * t>ti&m-g~±k;vv'X m& 
^*l*4 lXMTwm-frttsmLx. simxim 

56^16%, 2 8%, 4 I^ct^gDU:, ^kXiffj&U 



&JWxmifi8/8X'8$BStiS& t 16%^ 2 8%. 4 1 

%ioi>cr>ttt j <.x, myesmitm tea*. ^A-^tta*® 

[0046] <IC9 J: 3 ic s *HMMO^U y^T'KI 

■f^fiSH* j: o stir v t/p^B-cai v ^3ft§rrffi*-r s . - o 

[00473 o^ffl^Titt^Bi-*. Hi 

o(a) i±Mt,m<^uxmibm^u-^h. , ssk 

esr^-ria-c* >9 . iii o (b) (iSB^fir^str&aj 
^ai^o^ (r#i*) mi o (a) 

t^rf site . <jvmffiwm ^—yrKTmm. 
ztufcmgit^ mmm% < > » j; * % <n 

fi. ^fi^WSSri . Hi 0 (a) **rM43^Lfc^ 
wvvxt&xcomwiX'ii. mi o <b) tc^-r^^^ 
^4-*Sl5o*ffi*fii v 2 -cai*i**4*ffi«rf4 . S«S** 

Ki&-r§ t n i o { b ) co^epcox a *ca«!f«t3^Ki 
ti»A\ »tv wx mxffi\ mfeTcowmcomtfL V 2 T 
l t t> m jimmfiffi,m t st mti^ a o t ^ 

[0048] ifD±a^ieaM*#JtL3tLUT<?)fp 

o iz LXfEfc l-tz L UTJffll HZftrO >9<nmX'fo 

ftSffi^iffutf (tggflr?-*35»i: ^ 3 i t "CJfe ft 36»Js . B 
fSi§«DSr^JgTi:?i«H<?3P®:i: tTST. dD = 
OD/^T) d'T-t- (3D/5H) d HiO^c/Hc J: 0 

[0049] ^mmmx'ii. j^o i 5 LT^^^^e.ffi 

Sll^. VJSS* 2 0%RH|E!|^T3 5°C8 0%RHJT^ 



(S) 
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[00501 011 (a) liZcOZoizLxn^tlfz. 

mmmm ( 2 o-cs o%rh > x^m^mmtmm^} 
&<oMffi*m±mm t ^xm^m^mz^k Lrmx 

h *) . ( b ) it ( a ) ^O^iC-^VnTffi^JiRJKtfOft 

& . mmtm ^vuxmxm^mt^ ^ t, <ot-£> 

( a ) c^ffi^iiJStcit^. ( b ) cOJS-vV-tey-y-irffi&iP 
Hff<aji:u4«0t±, ^^^^iURWKStsjS(!04£»rw|»BfflK 

*Uf , ( a ) t { b ) Ojgffi&ft&gc L < T*§ ■£ i 

Sfl2j£"*-*KH=li£<o (a) H^ht. HtmSSrffi 

tc«3i£*fr*at4,-p, -toaKtiHo lut z^m- « . 

( a ) TOUT'S Llfe»#i6*l9JM>L U TtflS ft*; 
UftX'foh* — ^Vi^^Ttfefcii (b) fcjflu 

*SfiWca ( b ) TTriv h Ltc d 1 — d 9jScoffl-irt± 

SlU&Si (a) tftff>e 1— e 9fc*fJfr$-4. ipfii 
' fc T\ 5°Ch 2 0%RH (DS^BQHft «t 5 tfJ:*jj8Jg|So 

[005 1] W^^I^t&t LT„ «Lfe&*5 

w&o$&}M.eottw±tMjL ammr vy? &&m s ft & 

gfitfcLT. 3 0*C8 5%RH«l«fflaraH8W, 2 0°C 

5 o^RHcoaesiwss. 1 o-ci 5%Rucois,im,Mm 

[0 0 5 2] ttz. ^•y^^Tt^ffl-^fr^feS 



h <3 2bhb) co*mm£mmx*% %>t>K mm^xz: 

^tL^T6 0 0 d p i yj£ 8^-ftjT#TV^^> 
6 0 0dpi ^B*<?)3^tO(@c7)Hi^i:-ftL^, 
^^Xi[i(Sffif^^^ *J S X 3 = 2 4 JHWTS , 2 5SH 

[0054] imffiMtt, 0 0 eort. 

ifl e 9-Y^208i:. ^PMSgE 2 0 7 TfflV^^g, L 
UT5 0 2«ti\ ^il^H^M^P^^. **J % 

[0055JH13 {±*^M»^lf®aS5 2 0 7 i0?S 
fttSt7tJy?8rC*i, *^MMT1iC PU 1 3 0 
1 ^>?feKif # t } ^/PXififf ^<T>\UZ . 2 t* -y h w nVU 

[0056] mi4ii^mm<7)u—-f ! v^^/^2 0 8 

fiOflWESSct^n -y ? jfe 4.3— KSQftS 1404 

H^tl^tL^-yi-l 4 0 5. 14 0 6, 14 07KSS 
$?14. ^'»^14 1 ll±600dp itf0 1®S<?>l 

>-hff^J:fc^l 4 0 8. 14 09. 14 10(Cffl^j 
tS. *W141 lWVW^f 1405t 

fcnztiJ-zs vv^x? y-r\z^tt t , its? 

^14 0 8i'^ LT 7 'J 777077 1 4 12**7 

■Y $>rtzMT&t^ Jt«»14 0 9<SDaj*(Cj;t?7y 
-y77n 7 714 1 2 ii U -t <y b . Xtryhtfi? 

14 1 OtfHtfjL-C, 1 L, »7 7fl 

405-1407*'J-l:yhtS. COjrdtLT. >t 

[00 5 7] ^5(i^cSISftfiaj<5DLUT5 0 2i0— 
^LfcfctfD-caia. -r-^^mgiS5 0 3t;A7J?ix4B 

^TUS. -r— ^SIS55 0 3T'(i:^^^-5TM^ 

10058] 
t«5] 



(9) 
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1 




1/8 


_■_ VV \J fJ J_ 










5 


100% 


1/8 


lOOppi 










15 


70% 


5/8 


200ppi 










32 


100% 


8/8 


eooppi 



tO 0 5 9] vtvf-fa#5&t»5 04ttttai2 53tf, ;t 

— HT-as^j-rs^ii, /N°;px^m±2 o ovw^/w 
x.mm<7jn&mmx$> & . 

[0061] ±fc. V 3{^s7^X®^K^iii:|g^fi[ 
9 <0 (a) ^TM^»-r§) , 

i->t, j"?-yf-ti7'U >-^coS^^ 
^KT'ifej&f-ft t J: ^ . 
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(54) Title of the Invention: OPTICAL PRINTER 

(57) [Abstract] 
[Problem to be Solved] 

To reduce variations in density in an 
electrophotographic printer and to improve the accuracy of 
detecting the density of a patch . 
[Solution] 

An image is formed by modulating an exposure intensity 
and a pulse width. An image is formed with a wide pulse 
width and a low exposure intensity in patch generation, and 
an image is formed with a short pulse width and a high exposure 
intensity in normal image formation. 
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[Claims for the Patent ] 
[Claim 1] 

An optical printer for obtaining an output image by 
developing, with toner, a latent image having been obtained 
5 by irradiating a photosensitive member with light, and 
transferring the image on a recording material, 

the optical printer having a normal image formation 
mode for forming an image based on image data supplied from 
outside of the printer and a patch generation mode for 
10 adjusting operation conditions of the printer, 

the optical printer, characterized by comprising : 

exposing means for irradiating the photosensitive 
member with light according to exposure conditions provided 
for each pixel, 

15 density measuring means for measuring a density of a 

patch formed in the patch generation mode, and 

control means for modulating an exposure intensity and 
a pulse width as the exposure conditions of the exposing 
means in the normal image formation mode based on a density 

20 measurement result of the density measuring means . 
[Claim 2] 

The optical printer according to claim 1, characterized 
in that the control means comprises : 

exposure control means for modulating exposure light 
25 in response to a signal indicating an exposure intensity 
and a pulse width, 
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decision means for deciding a rule for converting pixel 
data to a combination of an exposure intensity and a pulse 
width based on a density measurement result of the density 
measuring means, 
5 conversion means for converting pixel data to a 

combination of an exposure intensity and a pulse width 
according to the rule decided by the decision means and 
outputting a first signal indicating the combination, 

signal generating means for generating a second signal 
10 indicating an exposure luminous intensity and a pulse width 
for forming a patch, and 

switching means for transmitting the first signal in 
the normal image formation mode and the second signal in 
the patch generation mode to the exposure control means. 
15 [Claim 3] 

The optical printer according to claim 2, characterized 
in that the combination of the exposure intensity and the 
pulse width which are indicated by the first signal is 
different, when an image egual in density to the patch is 
20 outputted, from the combination of the exposure intensity 
and the pulse width which are indicated by the second signal . 
[Claim 4] 

The optical printer according to claim 3, characterized 

in that ADl < AD2 is established wherein ADl represents a 
25 change in density relative to a predetermined change in 
temperature /humidity of a first image formed by the 
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combination of the exposure intensity and the pulse width 
which are indicated by the first signal when the image egual 
in density to the patch is outputted, and AD2 represents 
a change in density relative to the predetermined change 
5 in temperature /humidity of a second image formed by the 
combination of the exposure intensity and the pulse width 
which are indicated by the second signal . 
[Claim 5] 

The optical printer according to claim 3, characterized 
10 in that at least one of the first signals corresponding to 
various pixel data is egual in exposure intensity to the 
second signal and shorter only in pulse width than the second 
signal . 
[Claim 6] 

15 The optical printer according to claim 3, characterized 

in that at least one of the first signals corresponding to 
various pixel data is egual in pulse width to the second 
signal and higher only in exposure intensity than the second 
signal . 

20 [Claim 7] 

The optical printer according to any one of claims 2 
to 5, characterized in that the conversion means comprises : 

conversion means for converting pixel data to a 
combination of an exposure intensity, a pulse width, and 

25 a pulse density according to the rule decided by the decision 
means and output ting the first signal indicating the exposure 
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intensity and the pulse width with a first frequency 
corresponding to the pulse density, 

signal generating means for generating, with a second 
frequency corresponding to a predetermined pulse density, 
5 the second signal indicating the exposure intensity and the 
pulse width for forming the patch, and 

switching means for transmitting the first signal in 
the normal image formation mode and the second signal in 
the patch generation mode to the exposing means , and 
10 the pulse density corresponding to the first frequency 

for outputting an image equal in density to the patch is 
lower than the pulse density corresponding to the second 
frequency . 
[Claim 8] 

15 The optical printer according to claim 7, characterized 

in that the pulse density corresponding to the second 
frequency is equal to the maximum density of the pulse density 
corresponding to the first frequency output ted from the 
conversion means. 

20 [Detailed Description of the Invention ] 
[0001] 

[Field of the Invention ] 

The present invention relates to an optical printer 
including a copier, a printer, and a facsimile which form 
25 an image on a recording material such as paper and an overhead 
transparency by electrophotography, and particularly 
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relates to an optical printer which generates a patch under 
predetermined conditions and detects the density of the patch 
to adjust exposure conditions and operation conditions such 
as a developing bias and a charging bias of the printer. 
5 [0002] 

[Conventional Art ] 

In conventional optical printers, for example, laser 
beam printers and LED printers, a pulse width is modulated 
or an exposure intensity is modulated to form a halftone 

10 image. However, in the case of a pulse-width modulation 
type, higher speed reguires fast pulse-width modulation. 
On the other hand, in the case of a printer for modulating 
the exposure intensity, the intensity of an output image 
is susceptible to the environmental variations of a printer . 

15 [0003] 

In view of these problems, an apparatus disclosed in 
the specification of U.S. Patent No. 5371524 determines a 
pulse width by high-order 2 bits of 8-bit digital image data 
allocated for each pixel and determines the exposure 
20 intensity by low-order 6 bits of the image data, so that 
the pulse width and the exposure intensity are both modulated 
Thus , higher speed is achieved and the influence of 
environmental variations is reduced. 
[0004] 

25 [Problems to be Solved by the Invention] 
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Although an improvement is achieved from printers only 
for modulating the exposure intensity, simple allocation 
of high-order bits and low-order bits to a pulse width and 
an intensity cannot eliminate output images changing with 
environmental variations . 
[0005] 

The present invention is designed in view of these 
problems . It is an object of the present invention to provide 
an image forming apparatus which can respond to higher speed 
and keep stable picture guality even in the presence of 
environmental variations . 
[0006] 

[Means for Solving the Problems ] 

In order to solve the problems, an optical printer of 
the present invention for obtaining an output image by 
developing, with toner, a latent image having been obtained 
by irradiating a photosensitive member with light, and 
transferring the image on a recording material, the optical 
printer having a normal image formation mode for forming 
an image based on image data supplied from the outside of 
the printer and a patch generation mode for adjusting the 
operation conditions of the printer, the optical printer 
including: exposing means for irradiating the 
photosensitive member with light according to exposure 
conditions provided for each pixel, density measuring means 
for measuring the density of a patch formed in the patch 
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generation mode, and control means for modulating an exposure 
intensity and a pulse width as the exposure conditions of 
the exposing means in the normal image formation mode based 
on a density measurement result of the density measuring 
5 means . 
[0007] 

According to the optical printer of the present 
invention, the control means includes exposure control means 
for modulating exposure light in response to a signal 

10 indicating an exposure intensity and a pulse width, decision 
means for deciding a rule for converting pixel data to a 
combination of an exposure intensity and a pulse width based 
on the density measurement result of the density measuring 
means, conversion means for converting pixel data to a 

15 combination of an exposure intensity and a pulse width 
according to the rule decided by the decision means and 
outputting a f ir st signal indicating the combination, signal 
generating means for generating a second signal indicating 
an exposure luminous intensity and a pulse width for forming 

2 0 a patch, and switching means for transmitting the first 
signal in the normal image formation mode and the second 
signal in the patch generation mode to the exposure control 
means . 
[0008] 

25 According to the optical printer of the present 

invention, the combination of the exposure intensity and 
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the pulse width which are indicated by the first signal is 
different, when an image egual in density to the patch is 
outputted, from the combination of the exposure intensity 
and the pulse width which are indicated by the second signal . 
5 [0009] 

According to the optical printer of the present 
invention, ADl < AD2 is established wherein ADl represents 
a change in density relative to a predetermined 
temperature/humidity change of a first image formed by the 

10 combination of the exposure intensity and the pulse width 
which are indicated by the first signal when the image egual 
in density to the patch is outputted, and AD2 represents 
a change in density relative to the predetermined 
temperature/humidity change of a second image formed by the 

15 combination of the exposure intensity and the pulse width 
which are indicated by the second signal . 
[0010] 

According to the optical printer of the present 
invention, at least one of the first signals corresponding 
20 to various pixel data is egual in exposure intensity to the 
second signal and shorter only in pulse width than the second 
signal . 
[0011] 

According to the optical printer of the present 
25 invention, at least one of the first signals corresponding 
to various pixel data is egual in pulse width to the second 
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signal and higher only in exposure intensity than the second 

signal . 

[0012] 

According to the optical printer of the present 
5 invention, the conversion means includes conversion means 
for converting pixel data to a combination of an exposure 
intensity, a pulse width, and a pulse density according to 
the rule decided by the decision means and outputting the 
first signal indicating the exposure intensity and the pulse 

10 width with a first f reguency corresponding to the pulse 
density, signal generating means for generating, with a 
second freguency corresponding to a predetermined pulse 
density, the second signal indicating the exposure intensity 
and the pulse width for forming the patch, and switching 

15 means for transmitting the first signal in the normal image 
formation mode and the second signal in the patch generation 
mode to the exposing means , and the pulse density 
corresponding to the first freguency for outputting an image 
egual in density to the patch is lower than the pulse density 

20 corresponding to the second freguency . 
[0013] 

According to the optical printer of the present 
invention, the pulse density corresponding to the second 
freguency is egual to the maximum density of the pulse density 
25 corresponding to the first freguency output ted from the 
conversion means. 
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[0014] 
[Operation] 

Figure 16(a) shows an output density when an image is 
formed while laser light is fixed at a certain pulse width 
5 and an intensity is changed, a to h represent pulse widths 
l/8pixel, 2/8pixel, . . . , 8/8 (1) pixel width, respectively. 
As shown in Figure 16(a), for example, a constant density 
of 0.8 can be outputted by a combination of a pulse width 
of 8/8 and an intensity of 25%, a combination of a pulse 
10 width of 7/8 and an intensity of 32%, a combination of a 
pulse width of 6/8 and an intensity of 48%, and a combination 
of a pulse width of 5/8 and an intensity of 82%. 
[0015] 

Figure 16(b) is a graph similar toFigure 16 (a) . Figure 
15 16(b) simultaneously shows output densities at e having a 
pulse width of 5/8 and h having a pulse width of 8/8 under 
different environments . In the case of a combination of 
a pulse width of 5/8 and an intensity of 82% which provides 
a density of 0.8, when the environment changes from low 
2 0 temperature /low humidity to high temperature /high humidity, 
the output density changes like ADe = 0.03. On the other 
hand, in the case of the combination of the pulse width of 
8/8 and the intensity of 25% which can output the constant 
density 0 . 8, when the environment changes from low 
25 temperature /low humidity to high temperature /high humidity, 
the density changes like ADh =0.3. In this way, an amount 
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of environmental variation changes according to a 
combination of a laser intensity and a pulse width . 
[0016] 

This relationship is used in the present invention . 
5 Apatch for adjusting the operation conditions of the printer 
is generated by a combination of an intensity and a pulse 
width (for example, the combination of the pulse width of 
8/8 and the intensity of 25% ) which increase an environmental 
variation, so that the accuracy of detection is increased. 

10 Further, by setting the conditions of image formation based 
on a detection result, it is possible to properly respond 
to a small environmental variation . Moreover , a 
combination which reduces an environmental variation is used 
for actual image formation ( for example, the combination 

15 of the pulse width of 5/8 and the intensity of 82%) , thereby 
increasing environmental stability, particularly stability 
of density relative to an environmental variation in a screen 
where a patch cannot be generated halfway . 
[0017] 

2 0 [Embodiments of the Invention] 

Figure 1 is a sectional view showing the main part of 
an optical printer of the present invention. This optical 
printer is broadly divided to an electrophotographic process 
unit 100 and an image processing unit 200 (Figure 2, will 

25 be described later) . Referring to Figure 1, the following 
will discuss the configuration of the electrophotographic 
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process unit 100 and operations for forming an image . A 
charging roller 102 charges a photosensitive member 101 with 
an even potential (for example, -700 V). A laser beam formed 
with a resolution of 600 dpi (dot per inch) by exposing means 
5 103 is introduced onto the photosensitive member 101 by a 
return mirror 104 to form an electrostatic latent image. 
And then, of developing devices 105 of monocomponent contact 
type which can be contacted and separated along arrows of 
Figure 1, a yellow developing device 105Y is brought into 

10 contact with the photosensitive member 101 and the other 
developing devices are separated from the photosensitive 
member 101. Negatively charged yellow toner is reversely 
developed by the effect of the electric field of a power 
supply ( not shown ) and an image is developed on the 

15 photosensitive member 101. The yellow toner of the 

developed image is transferred onto an intermediate transfer 
member 106 by the effect of an electric field generated by 
applying, to a primary transfer roller 107 through a primary 
transfer power supply 108, a bias with reversed polarity 

20 from the toner . The intermediate transfer member 106 
includes carbon dispersed on ETFE 

(ethylene-tetraf luoroethylene copolymer) and is adjusted 
to a proper resistance . Toner remaining on the 
photosensitive member 101 is collected by a photosensitive 
25 cleaner 109 which performs cleaning by bringing a blade into 
contact with the photosensitive member 101, and then the 
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photosensitive potential is reset by an antistatic lamp 110 . 
The same operation is repeated for a magenta developing 
device 1 05M, a cyan developing device 105C, and a black 
developing device 105K while synchronizing the position of 
5 the intermediate transfer member 106 and the timing of light 
emission of exposing means 103, so that the toners of colors 
are overlaid on the intermediate transfer member 106 to form 
a full-color image . Meanwhile, a secondary transfer roller 
116 and an intermediate transfer member cleaner 119 are in 

10 a separated state. On the other hand, a recording material 
113 such as paper and an overhead transparency is transported 
from a paper cassette 112 to a pair of resist rollers 114 
by feeding means 111, and then is transported to a secondary 
transfer section formed of the secondary transfer roller 

15 116 which can be contacted with and separated from a driving 
roller 115 along the direction of an arrow of Figure 1 in 
synchronization with the full-color image on the 
intermediate transfer member 106 . In the secondary 
transfer section, the secondary transfer roller 116 makes 

2 0 contact with the intermediate transfer member 106 in 

synchronization with the recording material 113 to form a 
nipping portion and presses the intermediate transfer member 
106. A voltage determined by calculating means 121 for 
calculating a voltage obtained from the primary transfer 

25 power supply 108 is subjected to constant voltage control 
by a secondary transfer power supply 117, and the effect 
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of the electric field forms a full-color toner image on the 
transfer material 113 . Thereafter, the recording material 
113 is fixed by fixing means 120 and discharged outside the 
apparatus . 
5 [0018] 

Further, in the electrophotographic process unit 100, 
a patch sensor 122 is disposed downstream from the primary 
transfer roller so as to face a surface of the intermediate 
transfer member 106. The patch sensor 122 is a combination 
10 of an LED and a photosensor . A read value of the patch sensor 
122 is A/D converted and transmitted to the image processing 
unit 200. 
[0019] 

The optical printer of the present embodiment has a 
15 normal image formation mode and a patch generation mode as 
operation modes. In the normal image formation mode, an 
image is formed based on data transmitted from a host such 
as a personal computer outside the printer and then is 
outputted. In the patch generation mode, an image is formed 
2 0 based on data in the printer . The formed image is not 
outputted outside the printer and the density of the image 
is measured by the patch sensor 122 in the printer . 
[0020] 

The processing of the image processing unit 200 will 
25 be described below. Figure 2 is a block diagram showing 
processing performed by the image processing unit 200 on 
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data transmitted from a host such as a computer outside the 
printer. Data transmitted from a host 201 includes a code 
for controlling the printer, a character code, vector data, 
and image data . The type of transmitted data is interpreted 
5 by a code interpretation section 202 and the data is converted 
to a bit map when necessary. Image data and bitmapped image 
data are stored as RGB 8-bit information in memory 203 . The 
stored data is read for each pixel in synchronization with 
a printing operation, converted to CMYK data in a color 

10 conversion section 204, and converted to 5-bit data for each 
color in a multivalue processing section 205. One of the 
developing devices is selected in a color switching section 
206, only image data of a printed color is transmitted to 
a modulation section 20 7 and converted to a signal indicating 

15 an exposure intensity and a pulse width, and then the signal 
is transmitted to a laser driver 208 . 
[0021] 

Figure 3 is a block diagram showing the configuration 
of the modulation section 207. The modulation section 207 

20 is made up of a CPU 301, ROM 302 and RAM 303 capable of 
exchanging data with the CPU 301, and a peripheral circuit 
(not shown) for driving the ROM 302 and RAM 303. The CPU 
301 is fed with single-color image data selected by the color 
switching section 206, a mode signal indicating one of the 

25 normal image formation mode and the patch generation mode, 
and a detection signal transmitted from the patch sensor 
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122 through an A/D converter 304, and the CPU 301 outputs 
an intensity signal and a pulse width signal . In the optical 
printer of the present embodiment, image data inputted to 
the CPU 301 has 5 bits for each color, the outputted intensity 
5 data has 8 bits, and the pulse width data has four bits. 
[0022] 

Figure 4 is a block diagram showing the configuration 
of the laser driver 208. The laser driver 208 is made up 
of a laser power control circuit 402 for controlling the 

10 intensity of a semiconductor laser 401, a sensor 403 for 
monitoring the output of the semiconductor laser 401, and 
circuits 404 to 410 for generating a pulse corresponding 
to a pulse width signal. A code converter 404 is fed with, 
as an address, a 4-bit pulse width signal outputted from 

15 the modulation section 207, and outputs two 4-bit signals. 
The signals are data indicating the timing of starting and 
the timing of stopping a pulse in a pixel period. The data 
is respectively stored in latches 405 and 406 for a pixel 
period. A counter 410 counts a clock signal having a period 

20 of one-eighth hour of a pixel. A count signal is inputted 
to comparators 407 and 408. At the start timing stored in 
the latch 405, the comparator 407 outputs the signal to set 
a flip-flop 409. When the counter output reaches the stop 
timing, the flip-flop 409 is reset by the output of the 

25 comparator 408. Thus, the output of the flip-flop 409 acts 
as a pulse having a width corresponding to the pulse width 
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signal, and the output is inputted to the laser power control 
circuit 402. The start timing and the stop timing are set 
thus according to a pulse width, so that dots formed by an 
exposure pulse are aligned with the center positions of 
5 pixels . 
[0023] 

The laser power control circuit 402 compares a signal 
obtained by D/A converting the inputted intensity signal 
and adjusting the level of the intensity signal and a signal 

10 returned from the sensor 403, and the laser power control 
circuit 402 generates laser driving current of a level 
corresponding to an exposure intensity signal. Further, 
the laser power control circuit 402 turns on/off the output 
of the laser power control circuit 402 in response to the 

15 pulse outputted from the flip-flop 409. In this way, the 
laser 401 is driven by the signal with a modulated exposure 
intensity and a modulated pulse width. 
[0024] 

As described above, the circuits for generating a pulse 
2 0 corresponding to the pulse width signal are synchronous 
digital circuits in the present embodiment. As a matter 
of course, a pulse with a predetermined width may be generated 
by comparing a level obtained by D/A converting the pulse 
width signal and the level of a reference triangular wave. 
25 Although the laser power control circuit is turned on/off 
in response to the input of a pulse signal, a circuit only 
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capable of power control may be used. The circuit may be 
turned on/off according to a pulse width by connecting a 
generated pulse and the output of the power control circuit 
via an AND circuit . In the present embodiment, the exposure 
5 intensity is modulated by changing the driving current of 
the semiconductor laser . This method is also applicable 
to exposure with an LED . In addition to this method, an 
optical element capable of changing a transmittance may be 
disposed at some point of an optical path and the 
10 characteristic of the optical element may be changed . 
[0025] 

Figure 5 is a block diagram showing the configuration 
of processing performed in the modulation section 20 7 . The 
modulation section 207 is made up of a lookup table (LUT) 

15 selection section 501, a data conversion section 503 , apatch 
signal generating section 504, and a switching section 505 . 
These sections are implemented by software processing 
performed on the circuit including the CPU 301, the ROM 302, 
and the RAM 303 of Figure 3. 

20 [0026] 

The lookup table (LUT) selection section 501 selects, 
based on the output from the patch sensor 122, a proper LUT 
from a LUT 5 02 matching with environmental conditions stored 
in the ROM 302, and sets the LUT in the RAM 303 referred 
25 in the data conversion section 503 . The data conversion 
section 503 is fed with image data from the color switching 
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section 206 and converts the image data to a signal of an 
exposure intensity and a pulse width through the LUT set 
in the RAM 303 . In the patch signal generating section 504, 
data on an exposure intensity and a pulse width is read from 
5 the ROM 302 and outputted. The data is used for generating 
a patch . The switching section 505 switches the output from 
the data conversion section 503 and the output from the patch 
signal generating section 504 based on information 
indicating one of the normal image formation mode and the 
10 patch generation mode . 
[0027] 

The patch signal generating section 504 of the present 
embodiment stores patch data in a memory area different from 
that of image data. Thus, the received data and patch data 
15 are not mixed and memory management is facilitated . Further, 
the memory area can be managed by a CPU different from the 
CPU which receives and expands image data from a host, so 
that high-speed processing can be performed in parallel. 
[0028] 

20 Referring to Figure 6, the following will discuss the 

way to switch to the patch generation mode. In the optical 
printer of the present embodiment, when receiving data from 
a host computer, the contents are analyzed by the code 
interpretation section 202 . In the case of a character code 

25 or a vector code, the processing is continued. In the case 
of image data, the optical printer makes a transition to 
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the patch generation mode . Image data generally has a large 
amount and requires a long time for communications, and thus 
there is a certain time period from the reception of the 
data to the start of actual printing. By generating a patch 
5 during this period, the operation conditions of the printer 
can be adjusted without increasing a time period before an 
image is out put ted . Moreover, in many cases , image data 
includes pictures of nature, and thus the reproduction of 
the density of halftones is significant for picture quality 

10 as compared with lines such as a graph described by vector 
data . In the optical printer of the present embodiment, 
the operation conditions of the printer are adjusted before 
image data is outputted, so that halftones can be stably 
reproduced . 

15 [0029] 

The patch generation mode is performed by three steps 
of generating a patch on the intermediate transfer member 
106, reading the density of the patch, and determining a 
LUT . The step of generating a patch is basically similar 

20 to a normal printing operation except that an image is not 
transferred to the recording material . In order to 
stabilize a halftone level which is important for tone 
reproduction, gradation patches of colors including a 
low-density patch are formed. In the optical printer of 

25 the present embodiment, in order to generate patches 

(hereinafter, will be referred to as A patch, B patch, and 
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C patch, respectively) corresponding to output densities 
of 0.15, 0.6 and 1.2, a pulse width is set as shown in Table 
1 . In actual image output, combinations used for generating 
the patches are not used to obtain these output densities 
5 (will be described later) . 
[0030] 
[Table 1] 
#1 DENSITY 
#2 PULSE WIDTH 
10 #3 INTENSITY 
[0031] 

In the patch generation, for colors of YMCK, data 
corresponding to the exposure conditions of Table 1 is read 
in the modulation section 207 from the ROM 302. The data 

15 is transmitted to the laser driver 208 through the switching 
section 505 and the patches of YMCK are successively formed 
on the intermediate transfer member 106. Even when 
four-color patches are formed, the feeding means 111 is not 
driven and secondary transfer to the recording material is 

2 0 not performed . 
[0032] 

When the gradation patches of four colors are formed 
on the intermediate transfer member 106 , the process advances 
to the step of reading the patches . The intermediate 
25 transfer member 106 on which the patch of the fourth color 
K has been transferred in a primary transfer section is 
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conveyed as it is and reaches a part facing the patch sensor 
122 . The patches of colors are read through the patch sensor 
122, which is a combination of the LED and the photosensor, 
by conveying the intermediate transfer member . A read value 
5 is A/D converted by the A/D converter 304 and transmitted 
to the CPU 301 of the image processing unit 200 . 
[0033] 

After being read by the patch sensor 122, most of the 
patches on the intermediate transfer member 106 are reversely 
10 transferred to the photosensitive member 101 by applying 
a bias different from that of the transfer to the primary 
transfer roller 107 . The other patches are removed from 
the intermediate transfer member 106 by the cleaner 119. 
[0034] 

15 The final step is the determination of a LUT in the 

lookup table (LUT) selection section 501 according to the 
transmitted value of the patch. The above-mentioned LUT 
502 for matching the input image data and the parameter of 
laser light modulation is selected according to the value. 

20 Tables 2 to 4 show the way of selection and correspondences 
between densities and LUTs to be selected. Table 2 shows 
correspondences for A patch, Table 3 shows correspondences 
for B patch, and Table 4 shows correspondences for C patch. 
[0035] 

25 [Table 2] 
#1 INDEX 
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[0036] 
[Table 3] 
#1 INDEX 
[0037] 
5 [Table 4] 
#1 INDEX 
[0038] 

Figure 12 shows the steps of selecting a LUT . First, 
the density measurement result of A patch of yellow (Y) and 

10 the indexes of Table 2 are compared with each other and the 
closest index is determined (SI) . And then, the number of 
the LUT corresponding to the index is read from Table 2 ( S2 ) . 
These steps are repeated for B and C patches and three LUT 
number s are determined from A, B and C patches, respectively 

15 (S3) . And then, the three LUT numbers are averaged and a 
LUT with the closest number to the mean value is selected 
as a LUT for Y (S4) . The steps SI to S4 are repeated for 
the other color s (MCK) and the LUTs of the color s are selected . 
The selected LUTs are prepared for the respective colors 

20 and stored in the ROM 302. The LUTs are prepared for the 
respective colors because the colors have different density 
output characteristics relative to the exposure conditions . 
[0039] 

The proper LUTs are selected thus and the patch 
25 generation mode is completed . 
[0040] 
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The following will discuss the LUT 502 for determining 
the exposure conditions . The LUT is used in the data 
conversion section 503 and is provided for outputting data 
corresponding to an exposure intensity and a pulse width 
5 relative to a target image density indicated by image data. 
Figure 7 is a graph showing the contents of the LUT 502 of 
the present embodiment. The horizontal axis represents an 
image density which is the input of the LUT, and the vertical 
axis represents an exposure intensity. In this graph, 

10 relative to an image density indicated by input image data, 
exposure intensities are plotted from combinations of 
exposure intensities and pulse widths which are matched with 
each other by the LUT, and intensities with an egual pulse 
width are connected with lines. In Figure 7, solid lines 

15 indicate combinations actually set in the LUT and broken 
lines indicate combinations not set in the LUT . For example, 
when an output target density of 1.0 is inputted, a 
combination of an intensity of 60% and a pulse width of 7/8 
is set for the input in the LUT but a combination of 8/ 8 

20 and 32% is not set in the LUT. In this LUT, as the output 
target density increases from the minimum density, a start 
is made from an intensity of 62% and a pulse width of 1/8. 
The intensity increases while keeping the pulse width of 
1/8 . When the intensity reaches 10 0% at the target density 

25 of 0.18, the subseguent density 0.184 has a combination of 
a pulse width of 2/8 and an intensity of 57%, and then the 
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intensity increases again. In this way, regarding 
densities to the maximum density of 1.46, combinations of 
pulse widths and intensities are set as indicated by solid 
lines . 
5 [0041] 

Ppl to Pp3 in Figure 7 indicate the exposure intensities 
and pulse widths of Table 1. The exposure intensities and 
pulse widths are outputted from the patch signal generating 
section to generate patches , and similarly plotted in Figure 
10 7 . 

[0042] 

In this way, a patch is formed for a density range 
outputted in the normal image formation mode, that is , 
densities between 0.13 to 1.46. In other words, an image 

15 egual in density to the patch is outputted in the normal 
image formation mode . However, a combination of an exposure 
intensity and a pulse width for outputting the egual density 
is different between patch generation and normal image 
generation. Further, the graph of exposure intensities of 

20 image formation is placed above the graph of patch formation . 
In other words, when forming an image egual in density to 
the patch, the exposure intensity is higher than that of 
patch generation . 
[0043] 

25 In Figure 8 , the horizontal axis is similar to that 

of Figure 7 and the vertical axis represents a pulse width. 
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The graph of pulse widths in image formation is placed below 
the graph of pulse widths in patch generation indicated by 
Ppl to Pp3 . In other words, a pulse width for forming an 
image having an egual density to a patch is smaller than 
5 a pulse width used for patch generation . 
[0044] 

As a matter of course, LUTs which can be switched as 
a result of density measurement of a patch are different 
from each other . When drawing a graph of densities as shown 
10 in Figures 7 and 8, the relationship of higher and lower 
positions between image formation and patch formation is 
not changed, though the graphs are slightly moved . 
[0045] 

In Figure 9, combinations of exposure intensities and 
15 pulse widths specified in the LUT 502 are plotted. 

Combinations indicated by solid lines are used for the normal 
image formation. On the other hand, combinations used for 
patch generation are represented as Ppl to Pp3 in Figure 
9 . As shown in Figure 9, of combinations used for the normal 
20 image formation, a combination with a pulse width of 8/8 
is egual in pulse width to a combination used for patch 
generation, but the exposure intensity is 50% or higher, 
which is higher than that of a combination used for patch 
generation with an intensity of 41% or less . Of combinations 
25 used for normal image formation, combinations with exposure 
intensities of 16%, 28%, and 41% are found at a pulse width 
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of 1/8. The combinations are equal in exposure intensity 
and shorter in pulse width as compared with combinations 
with a pulse width of 8/8 and the exposure intensities of 
16%, 2 8% and 41% for patch generation . 
5 [0046] 

As described above, in the optical printer of the present 
embodiment, when outputting a density equal to that of a 
patch in image formation, the pulse width is smaller and 
the intensity is higher than those of patch generation . With 

10 this configuration, the density greatly varies due to 
environmental variations during patch generation, and 
environmental variations are detected with higher accuracy 
by measuring the density of a patch. Since the density less 
varies due to environmental variations during image 

15 formation, even in the presence of environmental variations 
after image forming conditions are corrected by the density 
of a patch, variations in the density of an output image 
can be reduced . 
[0047] 

20 Referring to Figure 10, the reason will be discussed 

below . Figure 10(a) shows a surface potential of the 
photosensitive member after exposure to laser light having 
a high intensity and a short pulse width and light having 
a low intensity and a long pulse width. Figure 10(b) is 

25 a diagram showing the relationship of an output density 
relative to a surface potential (y property) . As shown in 
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Figure 10 (a) , a potential distribution is different between 
a latent image formed by a high intensity and a short pulse 
width and a latent image formed by a low intensity and a 
long pulse width. In the case of the latent image which 
5 is illustrated on the right of Figure 10(a) and has a short 
pulse width, the output density is saturated at a surface 
potential of V2 at the center of the pulse as shown in Figure 
10(b) . In the presence of environmental variations, the 
developing characteristic fluctuates as indicated by the 

10 arrow of Figure 10 (b) . However, at the potential V2 of the 
latent image having a short pulse width and a high intensity, 
the output density is saturated even in environmental 
variations, reducing environmental variations. On the 
other hand, the potential VI of the latent image having a 

15 long pulse width and a low intensity is in a transient area 

of the y property, and thus the density largely changes from 
point A to point B due to environmental variations. For 
this reason, a change in density due to the environment is 
different between patch generation and image formation . 
20 [0048] 

As a method of creating the LUT in consideration of 
such environmental variations, environmental variation 
characteristics may be more directly measured . The 
following embodiment is an example of an optical printer 
25 using a LUT created thus. Stability to the environment is 
the degree of change of an image density in environmental 
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variations. Thus, stability can be evaluated by whether 
dD = (dD/d T)dT + (9D/9H)dH is large or small wherein image 
density D is a function of temperature T and humidity H. 
When dD is large, a density greatly varies in environmental 
5 variations . Thus , dD is referred to as "the degree of 
environmental variation." Under exposure conditions 
including an exposure intensity, a pulse width, and a pulse 
density, the degree of environmental variation of each 
combination can be determined for each environment . 
10 [0049] 

In the present embodiment, the degree of environmental 
variation is determined as follows : the exposure conditions 
are combinations of exposure intensities of 0 to 255 and 
pulse widths of 0 to 7 . An image is formed while a temperature 

15 and humidity are changed from 10°C20%RH to 35°C80%RH in 5 
degree increments and in 20%RH increments. The density of 
the formed image is read by the patch density sensor in the 
printer to determine a density value, and the outputted image 
density is also separately measured . The degree of 

2 0 environmental variation relative to each 

temperature /humidity environment of each combination is 
determined by adding a density difference from the output 
density of an environment displaced from the 

temperature /humidity environment by 5°C and a density 
25 difference from the output density of an environment 
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displaced from the temperature /humidity environment by 

20%RH. 

[0050] 

Figure 11(a) is a diagram showing the relationship 
5 between an output density and a degree of environmental 
variation, which have been obtained thus, in the standard 
environment (20°C60%RH) for each combination of an exposure 
intensity and a pulse width. Figure 11(b) shows, instead 
of an output density, a density read by the patch sensor 

10 under the same conditions as Figure 11(a) . Lines indicate 
changes in intensity with an egual pulse width. Similar 
graphs can be drawn for the other environments . The density 
of the patch sensor in Figure 11 (b) is higher than the output 
density of Figure 11 (a) . This is because the patch is 

15 generated on the intermediate transfer member having a 
relatively low reflectance . As a matter of course, the 
densities of 11 (a) and 11 (b) can be made substantially egual 
by adjusting the characteristics of the patch sensor or the 
reflectance of the intermediate transfer member. In this 

20 case, such an adjustment was not made . When creating a LUT, 
referring to Figure 11 (a) , the exposure conditions are 
selected so as to minimize environmental variations among 
combinations capable of outputting an egual density, and 
then a LUT for the environment is created. A part indicated 

25 by the solid line of Figure 11(a) is a part registered for 
an actual LUT. On the other hand, for patch creation, the 
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exposure conditions are selected so as to maximize 
environmental variations with reference to Figure 11(b). 
In the present embodiment, the exposure conditions were 
selected as indicated by the combination of dl to d9 plotted 
5 in Figure 11(b) . The output densities under the exposure 
conditions correspond to el to e9 of Figure 11(a) . Thus, 
in a combination used in the patch generation mode, the sum 
of output density differences in the environmental 
variations of 5°C and 2 0%RH is larger than that of a 
10 combination used in the normal image formation mode . 
[0051] 

The predetermined variations in temperature and 
humidity are variations of 5°C and 20%RH. Regarding a rate 
of change in temperature and humidity, with reference to 

15 the tendency of environmental variations in, for example, 
an office where a printer is ordinarily used, a change in 
humidity may be determined relative to a temperature on the 
condition that water vapor has a constant partial pressure. 
For the sake of simplicity, different environments such as 

20 a high temperature, high humidity environment of 30°C and 
85%RH, a standard environment of 20°C and 50%RH, and a low 
temperature, low humidity environment of 10°C and 15%RH may 
be used. 
[0052] 

25 A value read by the patch sensor was used to determine 

the combination for patch generation. The same result is 



- 32 - 



JPA09-272222 



obtained by determining a combination using an output density 
However, by using a value of the patch sensor, it is possible 
to simultaneously obtain information used for a decision 
section which selects one of LUTs based on a patch measurement 
5 result, achieving convenience. 
[0053] 

As described above, the reproduction of halftone is 
important in an optical printer, particularly in an optical 
color printer . In the optical printer described above, 

10 5-bit (32 levels) halftone can be represented by combining 
intensity modulation and 4 -bit (9 levels ) pulse-width 
modulation . However, the modulation number of a pulse width 
can be increased by increasing a pixel size, thereby 
improving the reproduction of halftone . For example, since 

15 eight splits have been made for 600 dpi, in the case of a 
pixel having a width of three 600 dpi pixels, a pulse width 
can have 8x3 = 24 splits for each pixel, achieving 25 levels 
of pulse-width modulation. The following will describe an 
example of such an optical printer . 

20 [0054] 

In the present embodiment, the configurations of a laser 
driver 208 and a LUT 502 used in a modulation section 207 
of an image processing unit 200 are different from those 
of the foregoing embodiment . An electrophotographic 
25 process unit is similar to that of the foregoing embodiment 
and thus the explanation thereof is omitted . 
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[0055] 

Figure 13 is a block diagram showing the configuration 
of a modulation section 20 7 according to the present 
embodiment . In the present embodiment, a 2 -bit pulse 
5 density signal is output ted in addition to an intensity 
signal and a pulse width signal from a CPU 1301 . 
[0056] 

Figure 14 is a block diagram showing the configuration 
of the laser driver 208 according to the present embodiment . 

10 A code converter 1404 is fed with the pulse width signal 
and the pulse density signal and outputs the timing of 
starting a pulse, the timing of stopping a pulse, and data 
on a pixel period. The timing data is stored in latches 
1405, 1406 and 1407, respectively. A counter 1411 counts 

15 a clock signal having a period of one-eighth hour of a 600 
dpi pixel, and outputs a count signal to comparators 1408, 
1409 and 1410. When the count of the counter 1411 reaches 
the pulse start timing stored in the latch 1405 , the 
comparator 1408 outputs the signal to set a flip-flop 1412. 

20 When the count reaches the pulse stop timing of the latch 
140 6 , the flip-flop 1412 is reset by the output of the 
comparator 1409. When the count reaches the pixel period 
timing of the latch 1407, the comparator 1410 outputs the 
signal to reset the counter 1411 and the latches 1405 to 

25 1407. In this way, the signal with a modulated intensity 
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and pulse width can be outputted to a semiconductor laser 
with a frequency corresponding to the pulse density signal. 
[0057] 

Table 5 shows a part of the LUT 5 02 of the present 
5 embodiment. An intensity, a pulse width, and apulse density 

are set for image data inputted to a data conversion section 

5 03 . In the data conversion section 5 03 , the image data 

is converted according to this table . 

[0058] 
10 [Table 5] 

#1 IMAGE DATA 

#2 EXPOSURE INTENSITY 

#3 PULSE WIDTH 

#4 PULSE DENSITY 
15 [0059] 

A patch signal generator 504 generates a patch 
generation signal having an intensity of 25%, a pulse width 
of 7/8, and a pulse density of 600 pulses/inch (ppi) . This 
combination is not set in the LUT or used for image formation . 

20 When it is assumed that this combination is used for image 
formation, the output density is 0.6. When an image having 
an output density of 0.6 is outputted in the normal image 
formation mode, the pulse density is 200 pulses/inch, so 
that the pulse density for a patch is higher than the pulse 

25 density of image formation . Further, the pulse density used 
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for patch generation is the maximum density of the pulse 
density used in image formation . 
[0060] 

Figure 15 is a diagram showing a yproperty and a surface 
5 potential of a latent image as in Figure 10. In the case 
of a high pulse density, the potential V3 of a blank is placed 
on a transient area having a y property of development, so 
that the environment is likely to vary. In this way, the 
degree of environmental variation of a patch is made larger 
10 than that of a normal image having the same density . In 
the foregoing embodiment, the degree of environmental 
variation is increased by setting, in the transient area 

of the y property, the potential (V2 in Figure 10) at the 
center of a latent image, whereas in the method of the present 
15 embodiment, the potential of the blank is set in the transient 
area . 
[0061] 

Further, the higher pulse density, the larger absolute 
value of V3 (moves to the lower side of Figure 15 (a) ) , thereby 
20 increasing the degree of environmental variation . 

Therefore, a patch is more preferably generated with the 
maximum pulse density of the printer. 
[0062] 

Although the above explanation described the detection 
25 of a density, brightness or lightness may be detected . When 
using brightness, it is possible to eliminate the step of 
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logarithmically transforming an amount of received light. 
When using lightness, lightness corresponds to the human 
visual characteristic and thus it is possible to visually 
minimize the influence of an error during the selection of 
5 a LUT. 
[0063] 

[Advantages of the Invention ] 

According to an optical printer in claims 1 and 2, an 
exposure intensity and a pulse width are modulated as 

10 exposure conditions , patches are generated, and the 

operation conditions of the printer are adjusted based on 
the density measurement results . Thus, variations in 
picture guality can be suppressed even in the presence of 
environmental variations . 

15 [0064] 

According to an optical printer in claims 3 to 8 , a 
change in density relative to the environment is different 
between exposure conditions for generating a patch and the 
exposure conditions for forming a normal image. Thus, it 

2 0 is possible to increase the measurement accuracy of a density 
of a patch, detect and correct a small environmental 
variation, and further reduce variations in density during 
normal image formation . 
[Brief Description of the Drawings ] 

25 [Figure 1] 
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Figure 1 is a sectional view showing the main part of 
an optical printer of the present invention . 
[Figure 2] 

Figure 2 is a block diagram showing processing per formed 
5 by an image processing unit 200 on data transmitted from 
a host such as a computer outside the printer . 
[Figure 3] 

Figure 3 is a block diagram showing the configuration 
of a modulation section 207 . 
10 [Figure 4] 

Figure 4 is a block diagram showing the configuration 
of a laser driver 208 . 
[Figure 5] 

Figure 5 is a block diagram showing the configuration 
15 of processing performed in the modulation section 207 . 
[Figure 6] 

Figure 6 is a flowchart showing the way to switch to 
patch generation mode . 
[Figure 7] 

20 Figure 7 is a graph showing the contents of a LUT 502 

of an embodiment . 
[Figure 8] 

Figure 8 is a graph showing the contents of the LUT 
502 of the embodiment . 
25 [Figure 9] 
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Figure 9 is a graph showing plotted combinations of 
exposure intensities and pulse widths which are specified 
in the LUT 502. 
[Figure 10] 

5 Figure 10 is a graph showing a surface potential of 

a photosensitive member the and the relationship of an output 
density relative to the surf ace potential (yproperty) after 
exposure to laser light having a high intensity and a short 
pulse width and light having a low intensity and a long pulse 
10 width. 

[Figure 11] 

Figure 11 is a graph showing the relationship between 
an output density and a degree of environmental variation 
for each combination of an exposure intensity and a pulse 
15 width. 

[Figure 12] 

Figure 12 is a flowchart showing the steps of selecting 
a LUT. 
[Figure 13] 

20 Figure 13 is a block diagram showing the configuration 

of a modulation section 207 of an embodiment . 
[Figure 14] 

Figure 14 is a block diagram showing the configuration 
of a laser driver 208 of the embodiment . 
25 [Figure 15] 
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Figure 15 is a graph showing a y property and a surface 
potential of a latent image . 
[Figure 16] 

Figure 16 is a graph showing an output density relative 
5 to a pulse width and an intensity . 
[Description of Symbols ] 





100 


electrophotographic process unit 




101 


photosensitive member 




102 


charging roller 


10 


103 


exposing means 




104 


return mirror 




105Y 


yellow developing device 




105M 


magenta developing device 




105C 


cyan developing device 


15 


105K 


black developing device 




106 


intermediate transfer member 




107 


primary transfer roller 




108 


primary transfer power supply 




109 


photosensitive cleaner 


20 


110 


antistatic lamp 




111 


feeding means 




112 


paper cassette 




113 


transfer material 




114 


resist roller pair 


25 


115 


driving roller 




116 


secondary transfer roller 
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117 


secondary transfer power supply 




118 


tension roller 




119 


intermediate transfer member cleaner 




120 


fixing means 


5 


121 


calculating means 




122 


patch sensor 




200 


image processing unit 




201 


host 




202 


code interpretation section 


10 


203 


memory 




204 


color conversion section 




205 


multivalue processing section 




206 


color switching section 




207 


modulation section 


15 


208 


laser driver 




301, 


1301 CPU 




302, 


1302 ROM 




303, 


1303 RAM 




304 


A/D converter 


20 


401 


semiconductor laser 




402 


laser power control circuit 




403 


sensor 




404 


code converter 




405, 


406, 1405, 1406, 1407 latch 


25 


407, 


408, 1408, 1409, 1410 comparator 




409, 


1412 flip-flop 
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410, 1411 counter 

5 01 LUT selection section 

502 LUT 

5 03 data conversion section 

5 04 patch signal generating section 

5 05 switching section 
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Figure 2 

201 HOST 

202 CODE INTERPRETATION SECTION 
2 03 MEMORY 

5 204 COLOR CONVERSION 

205 MULT I VALUE PROCESSING 

206 COLOR SWITCHING 

207 MODULATION SECTION 

208 LASER DRIVER 
10 #1 INTENSITY 

#2 PULSE WIDTH 



Figure 3 

122 PATCH SENSOR 
15 #1 IMAGE DATA 
#2 MODE SIGNAL 
#3 INTENSITY SIGNAL 
#4 PULSE WIDTH SIGNAL 



20 Figure 4 

402 LASER POWER CONTROL CIRCUIT 

4 04 CODE CONVERTER 

4 05 LATCH 

406 LATCH 

25 4 07 COMPARATOR 

4 08 COMPARATOR 
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409 FLIP-FLOP 

410 COUNTER 

#1 INTENSITY SIGNAL 

#2 PULSE WIDTH SIGNAL 

5 

Figure 5 

501 LUT SELECTION SECTION 

5 03 DATA CONVERSION SECTION 

504 PATCH SIGNAL GENERATING SECTION 

10 505 SWITCHING SECTION 

#1 IMAGE DATA 

#2 MODE SIGNAL 

#3 PULSE WIDTH SIGNAL 

#4 EXPOSURE INTENSITY SIGNAL 

15 

Figure 6 

#1 MODE SWITCHING 

#2 PATCH GENERATION MODE? 

#3 IMAGE DATA? 

20 #4 SHIFT TO PATCH GENERATION MODE 

#5 PATCH GENERATION MODE COMPLETED? 

#6 SHIFT TO NORMAL IMAGE FORMATION MODE 

#7 END 

25 Figure 7 

#1 EXPOSURE INTENSITY 
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#2 PULSE WIDTH 
#3 OUTPUT DENSITY 

Figure 8 
5 #1 PULSE WIDTH 

#2 OUTPUT DENSITY 

Figure 9 

#1 EXPOSURE INTENSITY 
10 #2 PULSE WIDTH 

Figure 10(a) 

#1 -POTENTIAL 

#2 LATENT IMAGE FORMED BY LASER LIGHT HAVING LOW INTENSITY 
15 AND LONG PULSE WIDTH 

#3 LATENT IMAGE FORMED BY LASER LIGHT HAVING HIGH INTENSITY 

AND SHORT PULSE WIDTH 

Figure 10 (b) 

#1 OUTPUT DENSITY 
20 #2 -POTENTIAL 

Figure 11(a) 
#1 OUTPUT DENSITY 
Figure 11 (b) 
25 #1 OUTPUT DENSITY 
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Figure 12 

51 DETERMINE CLOSEST INDEX TO A PATCH DENSITY OF Y 

52 DETERMINE LUT NUMBER CORRESPONDING TO INDEX 

53 REPEAT SI AND S2 FOR B AND C PATCHES TO DETERMINE LUT 
5 NUMBER 

54 CALCULATE MEAN VALUE OF THREE LUT NUMBERS AND SELECT 
LUT WHOSE NUMBER IS CLOSEST TO MEAN VALUE 

55 REPEAT SI TO S4 FOR M, C AND K AND SELECT LUT FOR EACH 
COLOR 

10 

Figure 13 
122 PATCH SENSOR 
#1 IMAGE DATA 
#2 MODE SIGNAL 
15 #3 INTENSITY SIGNAL 

#4 PULSE WIDTH SIGNAL 
#5 PULSE DENSITY SIGNAL 

Figure 14 

20 1402 LASER POWER CONTROL CIRCUIT 

140 4 CODE CONVERTER 

1405 LATCH 

140 6 LATCH 

140 7 LATCH 
25 140 8 COMPARATOR 

140 9 COMPARATOR 
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1410 COMPARATOR 

1411 COUNTER 

1412 FLIP-FLOP 

#1 INTENSITY SIGNAL 
5 #2 PULSE WIDTH SIGNAL 

#3 PULSE DENSITY SIGNAL 
#4 CLOCK SIGNAL 



Figure 15 (a) 
10 #1 -POTENTIAL 

#2 LATENT IMAGE FORMED BY LOW PULSE DENSITY 

#3 LATENT IMAGE FORMED BY HIGH PULSE DENSITY 

Figure 15(b) 

#1 OUTPUT DENSITY 
15 #2 -POTENTIAL 



Figure 16(a) 
#1 OPTICAL DENSITY 
#2 PULSE WIDTH 
20 #3 EXPOSURE INTENSITY 
Figure 16 (b) 
#1 OPTICAL DENSITY 

#2 CHARACTERISTICS UNDER HIGH TEMPERATURE, HIGH HUMIDITY 
ENVIRONMENT 

25 #3 CHARACTERISTICS UNDER LOW TEMPERATURE, LOW HUMIDITY 
ENVIRONMENT 
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#4 CHARACTERISTICS UNDER HIGH TEMPERATURE, HIGH HUMIDITY 
ENVIRONMENT 

#5 CHARACTERISTICS UNDER LOW TEMPERATURE, LOW HUMIDITY 
ENVIRONMENT 
5 #6 EXPOSURE INTENSITY 
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